Abstract: Reaction products of Oxalamide (OD) with a 8-and 12-molar excess of ethylene carbonate (EC) and propylene carbonate (PC), characterized by an enhanced thermal stability due to the presence of Oxalamide arrangement, were used as polyol components for obtaining foamed polyurethane plastics. As an isocyanate agent diphenylmethane-4,4'-diisocyanate was used. The obtained new foamed polyurethane plastics are characterized by a slight water uptake, good stability of dimensions and an enhanced thermal stability.
Introduction
Hydroxyalkylation of parabanic acid (I) with alkylene carbonates (ACs) results in obtaining of esteramidoimidptetraols having the following structure (II): (1) where: R = H-, CH 3 -, n = x + y + z + w.
These products show an enhanced thermal stability [1, 2] which is provided by the presence of oxalamidoester and carbamide group [3] [4] [5] [6] . It was demonstrated in testing of thermal properties of oxamic acid's reaction products (III) [3, 4] and carbamide (IV) [5, 6] with ACs; structural fragments of these compounds can be distinguished in the structure of hydroxyalkylation products of parabanic acid with alkylene carbonates: (IV) Esteramidoimidotetraols obtained in reactions of parabanic acid with ACs can be used as polyol components for obtaining foamed polyurethane plastics. Rigid polyurethane foams obtained with their contribution are characterized by a slight water uptake, good stability of dimensions, enhanced thermal stability and good compression strength [7] . Similarly, reaction products of oxamic acid and carbamide with ACs can be used for obtaining thermally stable polyurethane foams [5, 6, 8, 9] .
In the structure of the PA itself a structural fragment of Oxalamide (OD, V) has been distinguished:
Hydroxyalkylation products of OD with alkylene carbonates which also demonstrate an increased thermal stability [10, 11] were used in this study for the preparation of polyurethane foams and the properties of such foams have been investigated.
Results and discussion
In the reactions of OD with a 8-and 12-molar excess of EC and PC (Table 1) , polyols having the oxalamide arrangement (VI) were obtained:
where: R = H-, CH 3 -, x + y + z = 8 or 12.
The structure of hydroxyalkylation products of OD with EC and PC was described in studies [10, 11] , hence it is being repeated here only as a reminder that during the reaction a part of carbonate arrangements has been maintained in the product's structure and a partial dimerization of hydroxyalkyl derivatives of OD with formation of oxalamidoester groups occurs. Hence, the actual structure of the product can be presented with the following formula (VII): GC analysis of the reaction products of OA with ACs has confirmed dimerization of hydroxyalkoxy derivatives of OD, because the presence of N-(2-hydroxyalkyl)oxazolidinone (VIII) formed in the reaction of 2-aminoethanol with EC -OXON and 2-aminopropane-1-ol with PC -IPOX was demonstrated in their structure:
where: R = H-, CH 3 -. Chromatographic analysis has evidenced the presence of TRIEG and TETRAEG, in the reaction products of OD with respectively 8-and 12-molar excess of EC. Their contribution is max. 10.5 % w/w (Table 1 ). In the reaction products of OD with the PC excess, the contribution of side-products is distinctly higher, the content of poly(propylene glycols) reaches up to 30% w/w. The total contribution of glycols increases together with the growth of the PC excess used in the reaction, with decreasing content of PG and growing content of DPG and TRIPG ( Thermogravimetric testing has demonstrated an enhanced thermal stability of the obtained hydroxyalkoxy derivatives of OD. On thermograms of the products obtained at 8-or 12-molar excess of EC two peaks are noticeable on the DTG curve at temperatures of app. 230 and 350 C ( Table 2 ). The first one comes from decomposition of carbonate groups [12, 13] , and the second results from decomposition of oxalamide and oxalamidoester arrangements.
Tab
Similarly, on the DTG curve of OD reaction products with a 8-molar excess of PC (Table 2 ) two peaks are also noticeable-the first one at 160 °C and the second at 200 °C. At the 120-molar excess of PC the first peak disappears and only one broad peak with the maximum at 200 °C is observed.
Certain physical properties of the obtained reaction products of OD with EC and PC excess were investigated: density, surface tension, light refractive index and viscosity ( Figure 1 ) versus temperature function (20 -80 C). It has been found that together with a temperature growth the density, surface tension and light refractive index decrease linearly and the viscosity exponentially ( Figure 1 ). So, they are subject to changes in a typical way for polyols used conventionally for the preparation of polyurethane foams [13] .
The trials of using polyols with the oxalamide arrangement for the preparation of polyurethane foams were carried out with the foaming in a small laboratory scale. The testing was aimed to determine influence of a catalyst's amount, an optimal amount of isocyanate, amount of foaming agent (water) and a kind of hydroxyalkoxy derivative for the course of foaming. Testing has proved that the best results in the preparation of polyurethane foams are achieved by using such amount of isocyanate to obtain the molar ratio of hydroxyl groups to isocyanate groups in the initial reaction mixture was 1 : 1. It has been pre-determined that the optimal water amount during the foaming is 2 wt.-% in ratio to polyol mass and such amount was applied in all trials performed. The amount of TEA used as the catalyst is dependent on the involved derivative. Usage of polyols obtained with the EC contribution makes that the catalyst should be added in a smaller amount 0.60-1.21 g / 100 g of polyol (Table 3 , comp. 1-8), while usage of polyols obtained with the PC contribution requires application of a higher amount of TEA 1.21-1.81 g / 100 g of polyol (Table 3 , comp. 9-13).
No observance of the optimal foaming conditions and amounts of the used raw materials causes that the obtained foams are under-cured (too small amount of isocyanate), of a small foaming degree (too small amount of water) and of irregular pores (too high amount of water) or they exhibit a polymer shrinkage during heating (too high amount of isocyanate).
Creaming time is similar for all foamed compositions, whereas time of growth and drying is distinctly shorter in case of polyols obtained with the EC contribution. It is related to a higher reactivity of primary hydroxyl groups present in these products, in reactions with isocyanate. Growth time of the foams obtained in case of polyols with EC is 6-12 s, and in case of polyols with PC is 25-57 s ( Table 3 ). The foams obtained with contribution of hydroxyethoxy derivatives of OD are dry on completion of the growth, while the foams prepared with polyols with OD and PC get dry after 1 minute ( Table 3) .
Properties of the obtained polyurethane foams were analysed and it was stated that relative density of the foams are within 23-42 kg/m 3 (Table 4) , with a higher density noted in case of the foams prepared with contribution of polyols with PC. Further, a lower density features the foams which are prepared with contribution of polyols obtained at a lower excess of ACs (Table 4 , comp. 4 and 8, 10 and 12).
Water uptake varies and is almost twice as high in case of the foams prepared with contribution of polyols obtained with EC as compared to those with PC. It was noted that water uptake of the foams is not influenced by an increase of the excess of oxyalkylene units in the polyol applied for the preparation of the foam (Table 4 ). The lowest water uptake is demonstrated by the foams from polyols obtained at a 8-molar PC excess; it does not exceed 5.5 wt.-% (Table 4 , comp. 10).
Analysis of the foams under the optical microscope has evidenced that they contain closed pores. Size of the pores is related to type of a polyol used and in case of the foams obtained with contribution of hydroxyethoxy derivatives of OA it is in the range 0.10-0.27 mm, and thickness of walls is 15-31 m. In case of the foams obtained from hydroxypropoxy derivatives the pores are slightly smaller-0.08-0.185 mm, and walls are slightly thicker-23-38 m. Further, it was noted that pores assume penta-and hexagonal shapes, with more circular shapes of pores in case of the foams prepared with contribution of hydroxyproxy derivatives of OA (Figures 2a and b) .
The foams based on polyols with EC are characterized by better stability of dimensions compared to the foams obtained with contribution of polyols with PC (Table 4) The glass transition temperature of some selected foams was investigated and it was found that in case of foams obtained from polyol with EC it is within the range of 117-124 C, and for the foams obtained from polyols with PC it is 98-110 C (Table 5) . It was noted that the glass transition temperature decreases together with an increase of AC excess in polyol. In each case the glass transition temperature is distinctly higher than room temperature therefore the obtained foams can be undoubtedly classified as the rigid ones [13] . T x% -temperature at which the weight loss is x%, a: Comp. No. according Table 3 On the DTG curve of the foams obtained with contribution of hydroxyethoxy OD two extremes at temperatures of 250 and 305 C are observed. In case of the foams obtained with contribution of the reaction products of OD at the 8-molar PC excess there are also two extremes at temperatures of 275 and 330 C, and with a. b.
contribution of polyol obtained at the 12-molar PC excess there is one extreme at temperature of 295 C (Table 5 ). The obtained foams as well as their samples heated up for 30 days at temperature of 150 C were tested for compression strength (Table 6 ). The higher strength was demonstrated by the foams prepared with the contribution of hydroxypropoxy derivatives (Table 6 , comp. 10 and 12). As can be seen on the foams obtained with contribution of hydroxyethoxy derivatives of OD, they become more rigid upon heating. Heating of the foams at temperature of 150 C effect an increase of their compression strength by more than 100%.
Tab. 6. Compressive strength of polyurethane foams (MPa

Conclusions
It can be stated that the hydroxyalkoxy derivatives obtained in reactions of oalamide with alkylene carbonates may be used as polyol components for the preparation of polyurethane foams. The foams obtained with contribution of hydroxyalkylation products of oxalamide with ethylene carbonate are characterized by good stability of dimensions and demonstrate an enhanced thermal stability. The foams of the best properties were obtained with contribution of hydroxyalkylation products of oxalamide with propylene carbonate. These foams are characterized by a slight water uptake (about 7 % w/w), good stability of dimensions (max. increase by app. 4 linear %), not too big losses of mass upon their heating for 30 days (especially at temperature of 150 C) and the enhanced thermal stability (max. temperature of decomposition app. 300 C).
Experimental
Syntheses
-Reactions of OD with excess of ACs
In a 250 cm 3 three-necked round bottom flask 8.8 g (0.1 mole) OD (pure, Aldrich, Germany) the appropriate amount of ethylene carbonate (EC) or propylene carbonate (PC) (pure, Fluka, Switzerland), were placed to reach the molar ratio of reagents of 1 8 and 1 12 and 0.621 g potassium carbonate (12.42 g/mole OD, 0.09 mole/mole OD) in case of EC and 0.672 g diazabicyclo[2.2.2]octane (DABCO) (13.44 g/mole OD, 0.12 mole/mole OD) in case of PC was added. The reaction mixture was protected from moisture with tube filled with magnesium sulfate mounted on top of reflux condenser and stirred mechanically at 160 or 180 C to dissolve OD in AC. Progress of reaction was followed by determination of unreacted AC [14] .
Foam Preparation
Attempts of foaming the modified polyols were carried out in small 250 cm 3 test cups at room temperature. To 5 g of a polyol, 0.1 g of surfactant (Silicon 5340, Houdry Hülls), 0.5-2.0 wt.-% of triethylamine (TEA) catalyst (pure, Avocado, Germany), and 2 wt.-% of water were added. After careful mixing of the components, a pre-weighed amount of 4,4' diphenylmethane diisocyanate (pure, Merck, Germany) was added, calculated as described in [15] . The amounts of diisocyanate and water were adjusted to maintain OH : NCO molar ratio varying from of 1 : 1.50 to 1 : 2.65. Each composition was vigorously mixed until it started to cream (see Table 3 ). The samples for testing were cut out from the foams thus obtained after ca. 48 hrs.
Analytical Methods
1
H-NMR spectra of OD and other products were recorded with 500 MHz spectrometer (Bruker, Germany) in deuterated dimethyl sulfoxide (d 6 -DMSO), and hexamethyldisiloxane (HMDS) reference. Chromatographic analysis of by-products, i.e. ethylene glycol (EG) or propylene glycol (PC) and products of its consecutive reactions with EC or PC (triethylene glycol (TRIEG) and tetraethylene glycol (TETRAEG), dipropylene glycols (DPG) and tripropylene glycols (TRIPG)) were performed with gas chromatograph HP 4890A (Hewlett Packard, Ringoes, NJ, US) with FID detector and HP1 30 m x 0.53 mm column packed with crosslinked methylsiloxane film of 1.5 m thickness. Initial temperature was 50 C, heating rate: 20 C/min, end temperature: 220 C, time of heating at 220 C: 6 min, loader temperature: 250 C, detector temperature: 300 C. The samples were dissolved in methanol (0.01 M). Internal reference was cyclohexanone. Percentage of diols and polyols were calculated according to calibration curves as described in [1] .
Thermal analyses (DTG and TG) of hydroxyalkoxy derivatives of OD were performed in ceramic crucible, at temperature range of 20-600 C, on app. 2 mg sample, under a nitrogen atmosphere with Termowaga TGA/DSC 1 derivatograph, Mettler.
The following properties of hydroxyalkoxy derivatives of OD have been determined: pycnometer density [16] , refractive index, Höppler viscosity [17] , and surface tension by ring detach method [18] . All measurements were made in temperature range 20-80 C.
The following properties of foams were determined: apparent density [19] , water uptake [20] , stability of dimension [21] , glass transition temperature (by DSC), thermal stability as the weight loss after heating at 150, 175 and 200 C for a month, and the compressive strength [22] .
The differential scanning calorimetry (DSC) measurements were made using a The microscopic observation was performed at optical microscope Nikon Eclipse LV100 POL, camera Digital Sight DS-5Mc, objective 2,5 or 5 x L Plan. Microscopy measurements were performed in the Biophysical Laboratory of the Department of Physic of Rzeszow University of Technology. The Laboratory has been constructed in the frame of UE Polish Integrated Regional Operation Programme.
